The peripheral repertoire of CD4 1 T lymphocytes contains autoreactive cells that remain tolerant through several mechanisms. However, nonspecific CD4
INTRODUCTION
Memory T cells promote long-lasting protective immune responses. However, since naive lymphocytes directed against self-antigens (Ags) and allo-Ags are present within the peripheral T-cell pool, memory responses can also be detrimental by mediating autoimmune diseases or graft rejection. 1, 2 Responses to self-peptide/major histocompatibility complexes (MHCs) by T lymphocytes also play a key role in their biology without promoting disease. Proliferation of naive T cells via interleukin (IL)-7 and T-cell receptor (TCR)/self-MHC engagement has been described for both CD4
1 and CD8 1 T cells in lymphopenic hosts, and causes their differentiation into memory-like cells. Likewise, the maintenance of naive CD4 1 and CD8 1 T cells requires IL-7 and TCR signals from selfpeptide/MHC complexes in lymphoreplete hosts (reviewed in Ref. 3) .
The autologous mixed lymphocyte response (AMLR) has been recognized for many years. Cai and Hafler, 4 by using autologous immature dendritic cells (DCs) as antigen presenting cells, estimated a precursor frequency of ,0.04% human CD4
1 T cells within the peripheral pool that proliferate in response to self-peptide/MHC complexes. However, the exact fate and characteristics of lymphocytes stimulated by self-Ag remain unclear. It has been suggested that during the primary AMLR, the responding lymphocytes exhibited features of immunological memory and specificity. 5 Despite some studies have confirmed that AMLR led to the generation of lymphocytes with suppressive abilities, 6 Zwickey and co-workers 7 demonstrated in a murine model that self-Ag presented on MHC class II molecules by DCs during Listeria monocytogenes infection or after injection of anti-CD40 antibodies resulted in the activation of autoreactive T cells and disease. Other studies have corroborated that in vivo TCR engagement with self-MHC in the presence of strong adjuvants (dsRNA, type I interferons (IFN)) led to bystander T-cell activation. 8, 9 Thus, it is plausible that in these inflammatory settings, bystander lymphocytes might be activated by signals from mature DCs presenting self-Ag, as well as by the cytokine environment. Indeed, it has been demonstrated that the activation of human blood DCs, but not monocytes, is essential to initiate CD4
1 T-cell proliferation in the AMLR, and depends on the presence of costimulatory and MHC class II molecules. 10 Taking into account these observations, we asked whether human memory CD4
1 T cells can be generated in a primary AMLR under circumstances resembling an active immune response, i.e., activated by mature DCs and cytokines known for their ability to stimulate T-cell bystander responses, such as IL-2. 11 The pathways of differentiation and the cellular precursors of memory T cells are not entirely defined. However, it has been extensively documented that CD4
1 memory T cells can develop directly from differentiated effector lymphocytes responding to their cognate Ag. 12, 13 The precursors of memory T cells have selective survival within an effector cell pool that is otherwise prone to die. Cytokines that signal through the common gamma chain (cc), such as IL-7 and IL-2, have been implicated in the survival of effector CD4 1 T cells. [14] [15] [16] [17] In addition, cessation of stimulation has been proposed as a necessary step for effector to memory cell transition. [18] [19] [20] TCR signalling intensity has been established as a key parameter for memory T-cell formation. Some studies showed that persistent or strong stimulation through the TCR can dampen memory generation. 21 However, others indicated that a high threshold of TCR signalling is required by naive CD4
1 T lymphocytes in order to fully differentiate into effector cells that can convert to memory cells. Limited amounts of Ag, as well as non physiologically high precursor frequency of Ag-specific naive T cells competing for antigen presenting cells interactions or nutrients, results in defective memory formation. 22, 23 Therefore, and according to the quality and strength of differentiation signals, it is feasible that memory cells generated by stimulation with self-Ag would differ from memory lymphocytes generated upon activation with their nominal Ag. In the present study, we analysed whether human primary effector CD4
1 T cells generated under different conditions of activation (allo-or self-Ag) give rise to different types of memory lymphocytes, and the contribution of IL-7 to this process.
MATERIALS AND METHODS

Media and reagents
Lymphocytes and monocytes were cultured in RPMI 1640 medium supplemented with 10% heat-inactivated autologous serum, 2 mM L-glutamine, 1 mM sodium pyruvate, 0.1 mM non-essential amino acids (Hyclone Laboratories, Logan, UT, USA), 1% penicillin/streptomycin, and 50 mM 2-ME (Gibco, Grand Island, NY, USA), referred to as complete medium. The following reagents were used: human recombinant (hr) granulocyte-macrophage colony-stimulating factor (1000 U/ml, kindly provided by Probiomed, Mexico City, Mexico), hrIL-4 (15 ng/ml) and prostaglandin E 2 (0.1 mg/ml) (Calbiochem, San Diego, CA, USA), tumor-necrosis factor (40 ng/ml; R&D Systems, Minneapolis, MN, USA), hrIL-7 (5 ng/ml; Peprotech, Rocky Hill, NJ, USA), hrIL-2 (80 U/ml; Biovision, Mountain View, CA, USA), carboxy-fluorescein diacetate succinimidyl ester (CFSE, 10 mM, Molecular Probes, Eugene, OR, USA) and PKH26 red fluorescent cell linker (2 mM, Sigma Aldrich, St Louis, MO, USA).
Cell separation and differentiation of peripheral blood monocytes Peripheral blood mononuclear cells were purified from buffy coats of healthy volunteers by Ficoll-Hypaque (Nycomed Pharma, New York, NY, USA) density-gradient centrifugation. The procedures and all the experiments of the study were in accordance to the ethical standards, and donors signed an informed consent. CD14 1 monocytes were separated by magnetic cell sorting, using MACS isolation kits (Miltenyi Biotec, Auburn, CA, USA). CD4
1 T lymphocytes were separated by negative selection using the MACS CD4 1 T-cell isolation kit (Miltenyi Biotec), followed by incubation with MACS anti-CD45RA antibody to obtain naive (CD45RA 1 ) and memory (CD45RA 2 ) cells. Central (CCR7 1 , T CM ) and effector memory T cells (CCR7 2 , T EM ) 24 were isolated from CD4 1 CD45RA 2 lymphocytes by FACS using an anti-CCR7 antibody (3D12; BD Biosciences, Bedford, MA, USA). CD25 2 Tmem were isolated by negative selection using the CD25 1 cell isolation kit (Miltenyi Biotec).
Isolated monocytes were cultured at 10 6 cells/ml in complete medium supplemented with granulocyte-macrophage colonystimulating factor and IL-4 to obtain DCs. The cultures were fed with fresh medium and cytokines every 2 days. After 6 days, non-adherent DCs were harvested and replated at 5310 5 cells/ ml in medium containing granulocyte-macrophage colonystimulating factor and IL-4. Immature DCs were maturated with tumor-necrosis factor and prostaglandin E 2 for two more days.
In vitro generation of primary effectors and memory CD4 1 T cells To generate effector T cells, human naive CD4 1 T cells were stimulated with either autologous or allogeneic DCs, at a ratio of 8 : 1 for 8 days. In most of the experiments conducted with autologous DCs the culture medium was supplemented with IL-2, added once on the first day of culture. An aliquot of the culture supernatants was harvested every day to quantify the amount of IL-2 by ELISA (BD Biosciences). In some assays, a blocking anti-HLA-DR monoclonal antibody (mAb) (G46-6, 25 mg/ml; BD Biosciences) was added from the beginning to the autologous cultures.
After 8 days of coculture, effector T cells were purified by negative selection using MACS anti-CD45RA antibodies (Miltenyi Biotec). To generate memory cells (Tmem), purified effector T cells were maintained in the absence of stimulus for up to 10 days, with or without IL-7 added every other day along the resting period. Primary effectors were also generated from freshly isolated naive CD4 1 T cells for biochemical studies. Cells (1310 6 cells/ml) were cultured on plate-immobilized anti-CD3 (UTCH1, 5 mg/ml; BD Biosciences) and anti-CD28 (CD28.2, 2.5 mg/ml; BD Biosciences) mAbs for 3 days.
Flow cytometry assays
Lymphocytes were stained with fluorochrome-conjugated mAbs directed against human CD25 (M-A251), CD45RA (HI100), CD45RO (UCHL1), CD62L (DREG-56), CD127 (hIL-7R-M21), all from BD Biosciences, and CCR7 (150503), from R&D Systems. Lymphocytes were also stained with biotin-conjugated annexin V, followed by allophycocyanin-labelled streptavidin (BD Biosciences) and propidium iodide (PI; SigmaAldrich). For IFN-c production assays, 10 5 freshly isolated naive and memory cells, and in vitro generated effectors and Tmem, were stimulated for 6 h with phorbol 12-myristate 13-acetate (PMA, 50 ng/ml) plus ionomycin (500 ng/ml) or with plateimmobilized anti-CD3 (5 mg/ml) and anti-CD28 (2.5 mg/ml) mAbs. Then, cells were stained with FITC-conjugated anti-CD45RO mAb, fixed and permeabilized using the Cytofix/ Cytoperm kit (BD Biosciences), and incubated with allophycocyanin-labelled anti-IFN-c mAb (45-15; Miltenyi Biotec). Active caspase-3 was detected with the caspase-3 detection kit (Red-DEVD-FMK) from Calbiochem. Data were acquired in a FACSCalibur using the CellQuest software (BD Biosciences).
Proliferation assays
Freshly isolated naive and memory CD4 1 T lymphocytes, as well as in vitro generated effectors and Tmem, were labelled with CFSE in order to analyse their proliferation in response to autologous or allogeneic DCs (naive and Tmem) or plateimmobilized anti-CD3 (1 mg/ml) and anti-CD28 (0.5 mg/ml) mAbs (naive, T EM , T CM and Tmem). Likewise, freshly isolated memory T cells and in vitro generated effectors and Tmem were labelled with CFSE and analysed during the resting period, in the presence or absence of IL-7.
Suppression assays were carried out as published elsewhere. 25 Briefly, allogeneic Tmem (Tm allo ) or naive T cells from donor A were used as indicator responder T cells (T ind ). T ind were labelled with CFSE and cultured at different ratios with PKH26-labelled autologous Tmem (Tm auto ) from donor A and allogeneic DCs from donor B (10 : 1 T cell/DC ratio) for 3-4 days. Tm allo were previously generated with DCs from donor B. The CFSE dilution of T ind was analysed by flow cytometry.
Activation of lymphocytes for detection of signalling intermediates
For detection of Jak3 and STAT5 phosphorylation, cells were cultured for 4 h at 37 uC in RPMI 1640 containing 0.5% foetal bovine serum (FBS), and then IL-7 (10 ng/ml) was added for additional 10, 20, 30 or 90 min. For detection of lck, ZAP-70, LAT, SLP-76 and Erk-1/2, cells were cultured in the same medium for 6 h. Subsequently, an anti-CD3 mAb was added and cells were incubated on ice for 15 min. Then, cells were washed and resuspended in cold RPMI 1640 containing 0.5% FBS, goat anti-mouse Igs (BD Biosciences) was added and cells were kept on ice for additional 15 min. After that, cells were washed and resuspended in pre-warmed (37 uC) RPMI 1640 with 0.5% FBS and incubated at 37 uC for 3 min. Following activation, lymphocytes were pelleted and lysed in cold 1% NP-40 lysis buffer with protease/phosphatase inhibitors and used for western blotting.
For detection of intracellular phospho-proteins by flow cytometry, lymphocytes were cultured in RPMI-1640 containing 0.5% FBS for 5 h at 37 uC. Then, cells were stimulated with mouse anti-CD3 and anti-CD28 mAbs for 15 min at 4 uC and incubated with a goat anti-mouse Igs for additional 15 min at 4 uC. Cells were washed and resuspended in pre-warmed (37 uC) Dulbecco's phosphate-buffered saline containing 1% FBS and incubated at 37 uC for 3 min. Cells were subsequently washed at 4 uC, fixed and permeabilized with Phosflow buffer (BD Biosciences). Then, lymphocytes were incubated with Alexa Fluor 488-conjugated anti-phospho-SLP-76 (J141-688.36.58) mAb, or with purified anti-phospho-tyrosine (PY20) mAb (all from BD Pharmingen) followed by a FITClabelled goat anti-mouse Ig (Dako, Carpinteria CA, USA). Cells were analysed by flow cytometry.
Western blotting
Protein extracts from 1310 6 lymphocytes were resolved on reducing 8-15% polyacrylamide gels and transferred onto nitrocellulose sheets. Membranes were incubated with mAbs to lck (3A5), to SLP-76 (F-7), to Erk-1/2 (K-23), rabbit polyclonal antibody to ZAP-70 (LR), all from Santa Cruz Biotechnology (Santa Cruz, CA, USA), mAbs to phosphoErk-1/2 (E10), to phospho-Jak3 (D44E3), to phospho-STAT5 (14H2), to Jak3 (5H2), to STAT5 (3H7), all from Cell Signalling Technology (Danvers, MA, USA), rabbit polyclonal antibody to LAT (Upstate Biotechnology, Lake Placid, NY, USA), or mAb to b-actin (AG8, kindly supplied by Dr Manuel Hernandez, CINVESTAV, Mexico, USA), followed by HRP-conjugated secondary antibodies (Dako). Bands were detected using enhanced chemiluminescence (Amersham Biosciences, Piscataway, NJ, USA). Blots were scanned, and densitometric analysis of the autoradiograms was performed with the Image/J software (version 1.42q).
Statistical analysis
Data were expressed as mean6s.d. of independent experiments. The statistical significance of the data was determined by Student's two-tailed paired t-test, assuming equal variances.
RESULTS
Generation of effector CD4
1 T cells Effector T cells were generated by stimulation of CD4 1 CD45RA 1 naive T cells with either autologous or allogeneic mature DCs (Figure 1a) . Some of the autologous cultures were supplemented with IL-2 in order to simulate the context of an ongoing Ag-specific immune response, where some lymphocytes with an unrelated TCR could be activated by cytokines secreted by specific T lymphocytes. At day 8, we found around 60%-80% of dividing cells in the allogeneic response, whereas in the AMLR, the proliferation was poor (about 10%-30% of cycling cells), but increased with the addition of IL-2 (30%-60%). At the end of stimulation, we recovered about 250% of the plated cells (referred as 100%) in the allogeneic response, around 20% in the autologous response, and 100% when IL-2 was added ( Figure 1b ). Effector T cells (CD45RO 1 ) were able to produce IFN-c in any condition ( Figure 1c ). Furthermore, IL-2 was endogenously produced in the allogeneic cultures at levels comparable or superior to that was found in the AMLR when IL-2 was added ( Figure 1d ). In both cases, the levels of IL-2 were highly variable depending on the donors, which might be associated with the magnitude of their responses in terms of IL-2 production and consumption.
The autologous lymphocytes cultured in the absence of IL-2 produced very low levels of this cytokine ( Figure 1d ). The reduced recovery obtained in this condition did not allow us to follow their fate along the transition to memory cells; hence, the data subsequently provided for this response correspond to T cells stimulated in the presence of IL-2. In order to assess whether IL-2 by itself induced T-cell division in the AMLR, we blocked the TCR-MHC interaction with an anti-HLA-DR mAb throughout the stimulation with DCs ( Figure 1e ). The almost absent cycling cells in the presence of the mAb indicated that the proliferation of autologous T cells is initiated by the interaction of their TCR with MHC-self-peptide complexes, and IL-2 would mainly amplify the response.
Besides IL-2, inflammatory cytokines such as tumor-necrosis factor or IL-6 could influence the overall response of naive lymphocytes. 26 The secretion of theses cytokines would result from the cross-talking between readily activated lymphocytes and DCs, and could be reduced in the AMLR compared with the allogeneic system. To investigate this issue, the autologous cultures were supplemented with supernatants of allogeneic cultures. These supernatants were collected and added every day from parallel allogeneic cultures. At the end of the 8-day culture, the recovery obtained in the AMLR in the presence of the supernatants was very similar to that obtained when IL-2 was added once at the beginning of the co-cultures (Supplementary Figure 1a) . Then, IL-2 was sufficient to maintain a degree of proliferation and/or survival in the AMLR similar to the soluble factors found in the allogeneic response.
Generation of memory CD4
1 T cells Once the effector cells were generated, they were purified and cultured in the absence of stimulation for up to 10 days in order to generate resting Tmem. We also analysed the influence of IL-7 in the generation of these cells. At 8-10 days, there were no proliferating cells in the cultures. Figure 2a shows the proliferation of Tmem (day 10) and of memory CD4 1 T cells isolated from blood and cultured for 10 days, in the presence or absence of IL-7. At that time, cells were labelled with CFSE and cultured for 2 additional days, with or without IL-7. The data demonstrated that, during the resting period, in vitro generated effector cells returned to quiescence, and they behave similarly to peripheral memory T cells (Figure 2a) . Furthermore, IL-7-treated Tmem showed forward (FSC) and side (SSC) light scatter profiles similar to small, resting lymphocytes. Control Tmem were more heterogeneous and, in addition to small lymphocytes, they also included enhanced numbers of bigger and more complex cells (Figure 2b ).
The recovery of Tmem was significantly higher with IL-7 for both Tm auto and Tm allo with respect to their controls ( Figure 2c ). Strikingly, IL-7 promoted higher recovery of Tm allo compared with their autologous counterparts ( Figure 2c ). To evaluate whether the low response of Tm auto to IL-7 was specifically related with the amount of IL-2 used during the generation of their effectors, we analysed the recovery of autologous Tmem from effectors generated with allogeneic culture supernatants (Supplementary Figure 1b) . Our data indicated that these Tmem also responded poorly to IL-7 compared with the same lymphocytes activated with allogeneic DCs. These results suggest that lymphocytes receiving low strength of stimulation are impaired to fully respond to IL-7.
Phenotype of memory T cells Tm allo and Tm auto showed lower percentages of CD25 1 cells and higher percentages of CD62L 1 cells than their respective effectors (Figure 3 ), indicating that Tmem were less activated than effector cells. Regarding CCR7, higher numbers of Tm allo expressed CCR7 compared with their effectors, whereas the percentage of Tm auto expressing CCR7 was lower and comparable to their effectors ( Figure 3) . Nevertheless, most cells (,70%) were CCR7 2 CD62L 1/2 , which is in accordance with a T EM phenotype. 24 Tm allo showed diminished CD25 expression than Tm auto , both in the absence or presence of IL-7, which suggests that allogeneic effectors might return faster to a resting state. Additionally, Tmem generated with IL-7 showed lower CD25 expression than their controls, suggestive of a role of IL-7 in the return to quiescence. These data are in agreement with the FSC/ SSC profiles shown in Figure 2b , where higher numbers of large cells were detected in the control compared with the IL-7-treated Tmem. When we evaluated the expression of CD25 in these large cells (gate R1; Supplementary Figure 2a) , the results were very similar to those found in the whole cell population: control Tmem had higher percentages of CD25
1 cells than cells treated with IL-7, and Tm allo showed lower percentages of Figure  2c) . Taking into account that the cells with high FSC/SSC are overrepresented in control Tmem, the data suggest that the absence of IL-7 may impair or delay the transit of some effectors to resting cells, which subsequently favour their death.
Functional features of memory T cells
To determine whether there were functional differences between Tm allo and Tm auto , we analysed their IFN-c production and proliferative ability. We detected high number of IFN-c 1 cells in all Tmem populations upon stimulation with PMA and ionomycin, with no significant differences between autologous and allogeneic lymphocytes (Figure 4a ). Freshly isolated naive CD4 1 T lymphocytes did not produce IFN-c, while memory cells did (Figure 4a) . In order to assess whether Tmem exhibited differences in the proximal TCR signalling which are bypassed by PMA/ionomycin, lymphocytes were stimulated with anti-CD3 and anti-CD28 mAbs (Figure 4b ). In contrast with the above result, lower numbers of Tmem maintained in the absence of IL-7 produce IFN-c compared with lymphocytes cultured with the cytokine (only significant with allogeneic cells), which suggests a certain role of IL-7 in the maintenance of a proper TCR signalling machinery.
The ability to proliferate upon TCR/CD3/CD28 cross-linking was intact in all the Tmem populations tested. It was similar to that was found in freshly isolated memory CD4 1 T cells (T CM and T EM lymphocytes), and significantly increased with respect to naive CD4 1 T cells, as expected (Figure 4c ). Furthermore, Tm allo and Tm auto showed a high degree of specificity for the Ag with which they were primed. Thus, Tm allo respond preferentially to allogeneic vs autologous DCs, while the opposite was observed in Tm auto (Figure 4d ). Altogether, these data indicate that Tm allo and Tm auto functionally behaved like conventional memory cells.
According to some studies, the AMLR leads to the generation of lymphocytes with suppressive abilities. 6 Thus, we wondered whether Tm auto have suppressive capacity on naive or memory T cells. To this purpose, naive T cells or Tm allo (referred to T ind ) were stimulated with allogeneic DCs, either alone or in the presence of different ratios of Tm auto generated with IL-7. We did not detect significant inhibition of T ind proliferation by Tm auto in any donor tested (Figure 4e) . Likewise, Tm auto generated in the absence of IL-7 did not abrogate the proliferation of T ind (data not shown). Therefore, we conclude that Tm auto do not have not suppressive abilities, at least in the allogeneic models evaluated.
TCR-mediated signalling in effector and memory CD4
1 T cells Biochemical differences between naive, effectors and memory CD4 1 T cells have been previously reported in mice [27] [28] [29] [30] [31] [32] and humans, 33, 34 such in the total protein tyrosine phosphorylation, in the expression of CD3f-associated kinase 70 (ZAP-70) and SH2-containing leukocyte molecule of 76 kDa (SLP-76), or in the activation of the mitogen-activated protein kinase Erk-1/2. Thus, we next analysed the biochemical profile of Tmem to evaluate whether they actually acquired memory-cell properties.
Initially, we analysed the signalling through the TCR in naive and memory CD4 1 T cells obtained directly from peripheral blood, and in primary effectors derived by in vitro stimulation of naive cells with anti-CD3 and anti-CD28 mAbs. Among the molecules tested (p56 lck kinase (lck), ZAP-70, linker for activation of T cells (LAT), SLP-76, Erk-1/2 and total tyrosine phosphorylation), the main biochemical difference between naive, memory and effector CD4
1 T cells resided in Erk-1/2 phosphorylation, which was consistently diminished in memory vs naive and effector lymphocytes in response to anti-CD3 mAbs (Figure 5a and b and Supplementary Figure 3) . Thus, we took advantage of this feature to characterize Tmem.
Effector T cells derived from the autologous and allogeneic stimulation and their respective Tmem cultured without IL-7 exhibited similar levels of Erk-1/2 phosphorylation (Figure 5c effectors even after long-term stimuli removal. IL-7-treated Tm allo exhibited low level of Erk-1/2 phosphorylation, analogous to freshly isolated memory CD4 1 T cells ( Figure 5c and e); in contrast, Tm auto generated with IL-7 showed an extent of Erk-1/2 phosphorylation comparable to effector cells (Figure 5d and e) . These results suggest that IL-7 may contribute to the acquisition of biochemical markers of memory T cells only when naive lymphocytes are activated above a certain threshold of TCR engagement.
Effect of IL-7 in the proliferation and survival of memory CD4 1 T cells We previously observed that IL-7 led to higher recovery of Tm allo than of Tm auto (Figure 2c ). Since the recovery is the sum of cell proliferation and survival, we evaluated these parameters during the resting period. First, effector cells were labelled with CFSE and maintained for 10 days in the presence or absence of IL-7. We detected residual proliferation in the absence of IL-7 in Tm allo and Tm auto (Figure 6a ). IL-7 induced proliferation in both cell types, but the proliferation was more robust in Tm allo (Figure 6a) . Moreover, IL-7 promoted higher survival rates in these cells, as demonstrated by the staining with annexin V and PI, while Tm auto did not seem to be affected at that level by the cytokine (Figure 6b ). The increased susceptibility of Tm auto to cell death prompted us to determine the activation of the effector caspase-3. Although IL-7 decreased the percentage of active caspase-3 1 cells in both Tm allo and Tm auto with respect to their controls, the percentage of active caspase-3 1 cells in IL-7-treated Tm auto was significantly higher than in Tm allo (Figure 6c ). Taken together, these data indicate that Tm allo are more responsive to IL-7 in comparison with Tm auto in terms of proliferation and survival. 
IL-7 receptor signalling in Tmem
In order to evaluate the mechanisms underlying the improved responses of allogeneic lymphocytes to IL-7, we first analysed the expression of IL-7 receptor (IL-7R). All naive lymphocytes expressed the a chain of IL-7R, which was progressively downregulated upon activation. 35 Both allogeneic and autologous effectors showed low percentage of IL-7Ra 1 cells (20%-30%) (Figure 7a) . Notably, Tm auto and Tm allo upregulated IL-7Ra expression in the presence of IL-7 with respect to their effectors and to their counterparts cultured without IL-7 (Figure 7a ). There were no substantial differences in the percentage of IL7Ra 1 cells or in the amount of receptor/cell (measured by the mean fluorescence intensity) of IL-7Ra between Tm auto and Tm allo in each condition (Figure 7a) . However, upon IL-7 stimulation, we detected higher phosphorylation levels of the signal transducer and activator of transcription (STAT) 5 in Tm allo than in Tm auto (Figure 7b and c) . STAT5 phosphorylation by IL-7 is mediated by members of the Janus kinase family such as Jak3. 36 Thus, we next evaluated Jak3 activation by analyzing the level of tyrosine phosphorylation in the activation loop of its kinase domain with specific mAbs. The results depicted in Figure 7d indicate that the autologous and allogeneic Tmem had comparable levels of Jak3 phosphorylation upon IL-7 stimulation; hence, this kinase does not seem to be involved in the differential activation of STAT5 between Tm allo and Tm auto . The Tmem generated in our system displayed differences in their phenotype, essentially in CD25 expression. Thus, we considered the possibility that Tm allo and Tm auto could contain diverse proportions of T-cell subtypes, such as remaining effectors (CD25 1 ) together with more differentiated memory cells (CD25 2 ), and that the differential STAT5 phosphorylation could rely on such cell heterogeneity. To address this subject, we evaluated STAT5 activation in purified CD25
2 Tm allo and Tm auto . As shown in Figure 7e , IL-7 also induced higher phosphorylation of STAT5 in CD25
2 Tm allo than in CD25 2 Tm auto . Altogether, these data led us to conclude that lymphocytes activated with self-peptides responded less efficiently to IL-7 than lymphocytes receiving allogeneic stimulation as a consequence of their altered signalling through IL-7R.
DISCUSSION
The existence and the in vivo significance of the AMLR is a subject of controversy. Several studies indicate that this response takes place in vitro in the absence of xenogeneic/allogeneic Ags, 10, 37 and has been shown to bear memory and specificity. 5 Moreover, its deficiency in vitro has been correlated with a variety of autoimmune diseases, 38, 39 suggesting a regulatory role of AMLR-activated cells. 5, 10, 37 In this study, we have focused in the transition of these lymphocytes into memory cells particularly when they are primed in a setting resembling an active immune response, an issue that could be physiologically relevant since memory lymphocytes recognizing self-Ags are a powerful potential source of autoimmunity. 7 We developed an in vitro model where we studied the fate of human polyclonal naive CD4
1 T cells stimulated with autologous mature DCs in the absence of foreign Ags and in the presence of IL-2, compared with those activated by allogeneic DCs. We choose to study alloresponses of naive T cells in order to compare them with responses to self-Ags because the TCR can recognize peptides bound to allogeneic MHC. 40 Hence, our system would represent a truly comparison of low (self-peptides) and low-to-high (allo-peptides) strength of stimulation acting through the TCR.
In vivo, most of the nonspecific activation of CD4 1 T lymphocytes has been associated with the memory T-cell pool, and is independent of TCR signalling. [41] [42] [43] However, homeostatic maintenance and homeostatic expansion into lymphopenic hosts of naive CD4
1 T cells required TCR interaction with low-affinity self-peptides-MHC complexes and IL-7.
3 Since most of the MHC molecules are occupied by self-peptides even during microbial infection, 44 and these peptides partially overlap with those involved in thymic positive selection, 45 it is feasible that in an ongoing immune response, a number of heterologous naive lymphocytes might be activated with these peptides presented by mature DCs and with the cytokines secreted by the responding T cells. In our system, the autologous stimulation would be mediated by self-Ags, cytokines (IL-2), and probably by strong costimulation delivered by mature DCs, as it has been reported. 7, 10 In fact, we have proved that TCR stimulation in the AMLR is critical for naive T cells to proliferate in response to IL-2, which is in agreement with previous data. 10, 46 Then, it is plausible that the tonic activation with self-peptides together with costimulatory signals might upregulate the IL-2 receptors, enabling the T cells to respond to the cytokine.
Memory T lymphocytes are resting cells that maintain several phenotypical and functional characteristics of effector cells, such as rapid expansion and production of effector cytokines upon restimulation. 47 It has been proposed that effectors return to a resting state in the absence of stimulation, and that in vitro rested effectors have attributes of memory cells in vivo. 18, 19 Thus, our model to generate memory cells included a resting period after DC stimulation, which last for up to 10 days. We showed that rested Tmem were non-proliferating cells with small size and complexity, analogous to conventional memory T cells. They also downregulated the activation marker CD25, produced IFN-c and proliferated at levels comparable to freshly isolated memory cells. In addition, we observed that most Tmem were CCR7 2 CD62L 1/2 , in keeping with a T EM phenotype. 24 Thus, Tm allo and Tm auto phenotypically and functionally behave as classical memory cells. However, we also showed that Tm auto are biochemically more similar to effector cells in terms of Erk-1/2 activation upon TCR triggering, and they also express higher levels of CD25 than Tm allo . These results suggest that the absence of activation stimuli may not be sufficient to acquire a complete memory profile in effector cells activated by autologous DCs, and other factors may be implicated.
It has been documented that IL-7 protects human CD4 1 effector/memory T cells from death induced upon the deprivation of stimulation and cytokines. 48 When the resting period was conducted without IL-7, the resulting Tmem appeared bigger and more complex than their counterparts cultured with IL-7, had residual levels of proliferation and survived poorly. We also observed that IL-7 is partially responsible, directly or indirectly, of downregulating CD25 in effector cells upon stimulation withdrawal, being more effective in Tm allo than in Tm auto . In that sense, we cannot completely rule out that the differences in CD25 expression between Tm allo and Tm auto might account for the preferential induction or maintenance of T regulatory lymphocytes in the AMLR, as it has been reported. 6 However, this situation seems unlikely because Tm auto do not appear to have suppressive capacities, at least on allogeneic responses.
As mentioned before, the surviving rested Tm allo and Tm auto did not seem to be incompetent to function as classical memory cells. However, one of the most relevant data of our study is that Tm allo had improved rates of proliferation and survival than Tm auto in response to IL-7. Both Tmem generated in the presence of IL-7 exhibited equivalent percentages of IL-7Ra 1 cells, yet Tm allo displayed higher levels of phosphorylated STAT5 in response to IL-7. Our results indicate that Jak3, one of the major kinases involved in STAT5 phosphorylation, was activated at similar levels in Tm allo and Tm auto when they were stimulated with IL-7. These data suggest that the lower activation of STAT5 in Tm auto may result from a negative regulation of the IL-7 signalling pathway involving members of the Janus kinase family other than Jak3 (i.e. Jak1), the suppressor of cytokine signalling-1, or phosphatases such as Src homology 2-containing protein tyrosine phosphatases (SHP)-1 and -2. 36 In this line, the differential phosphorylation of Erk-1/2 between IL-7-treated Tm allo and Tm auto might not only reflect their relationship with conventional memory cells, but also their signalling through IL-7R. Thus, IL-7 induced the transcription of dual-specificity phosphatase 5, 49 a negative regulator of Erk-1/2 activity. Moreover, Erk-1/2 could decrease STAT5 activation through phosphorylation of Grb2-associated binder family member (Gab2) and consequent SHP-2 activation. 50 Therefore, the high Erk-1/2 activation in Tm auto might also be associated with defective signalling through IL-7R. The elucidation of these signalling pathways is currently under investigation. Altogether, the above data suggest that efficient responses to IL-7 of human CD4 1 effector/memory T cells depend on an adequate strength of stimulation through the TCR at priming. Several studies have proposed that the strength of stimulation during the primary response dictates memory formation and longevity. 23, 51 This has led to the concept of 'T-cell fitness', 51 where weak total signal strength hampers the response of primed T cells to homeostatic cytokines such as IL-7, and therefore their persistence. Another level of interplay between IL-7 and TCR signalling is referred to the homeostatic maintenance of naive T cells. Here, the relative responsiveness to IL-7 appears to be partially regulated by the amount of TCR signalling, which relies on the affinity of the receptor and the availability of the specific selfligands. 52 In our experimental approach, the avidity of TCRs for MHC-peptide complexes would be overall decreased in the AMLR compared with the allogeneic system, which could later affect the responses of the autologous cells to IL-7. Our results confirm those described by other authors in that TCR engagement with low-avidity peptides (mimicking self-peptides) in the presence of costimulation drives proliferation of naive CD4
1 T cells, but leads to massive cell death of cycling cells. 8 Moreover, it has been suggested that it would function as a mechanism of tolerance maintenance during ongoing infections. Therefore, our study provides a putative mechanism to explain the poor lymphocyte recovery following such stimulation. Whether this mechanism operates in vivo is still unknown, but if it is the case, then it might be associated with peripheral tolerance to avoid unwanted responses from autoreactive memory lymphocytes. However, our system also revealed the possibility of a break of tolerance. Despite high numbers of autologous effectors die and do not generate memory cells, we have noticed that some Tm auto survived and responded to the challenge with self-Ag presented by mature autologous DCs, thus representing a potentially harmful pool of lymphocytes when activated in subsequent immune responses. 7 Nonetheless, we postulate that this scenario is unlikely, and eventually these cells would die in the absence of a proper maintenance by IL-7.
In summary, we presented here a mechanism by which naive CD4 1 T cells recognizing self-peptides in a setting resembling an active immune response are impaired to transit to memory cells in vitro, primarily based on their inefficient signalling through IL-7R.
